Objective: To assess the effectiveness of routine sirolimus eluting stent (SES) implantation for unselected patients with in-stent restenosis and to provide preliminary information about the angiographic outcome for lesion subgroups and for different in-stent restenosis patterns. Design: Prospective, single centre registry. Setting: Tertiary referral centre. Patients: 44 consecutive patients (53 lesions) without previous brachytherapy who were treated with SES for in-stent restenosis were evaluated. Routine angiographic follow up was obtained at six months and the incidence of major adverse cardiovascular events was evaluated. Results: At baseline, 42% of the lesions were focal, 21% diffuse, 26% proliferative, and 11% total occlusions. Small vessel size (reference diameter ( 2.5 mm) was present in 49%, long lesions (. 20 mm) in 30%, treatment of bypass grafts in 13%, and bifurcation stenting in 18%. At follow up, post-SES restenosis was observed in 14.6%. No restenosis was observed in focal lesions. For more complex lesions, restenosis rates ranged from 20-25%. At the one year follow up, the incidence of death was 0, myocardial infarction 4.7% (n = 2), and target lesion revascularisation 16.3% (n = 7). The target lesion was revascularised because of restenosis in 11.6% (n = 5). Conclusions: Routine SES implantation is highly effective for focal in-stent restenosis and appears to be a promising strategy for more complex patterns of restenosis.
D
espite major advances in the field of percutaneous coronary interventions, long term outcome is still limited by the occurrence of in-stent restenosis, which has been reported to occur in 10-50% of the patients in several series. 1 Furthermore, treatment of in-stent restenosis is often a challenging clinical problem, with recurrent restenosis being reported in up to 80% in the most complex cases. 2 Vascular brachytherapy is the only strategy proven to be more effective for the treatment of in-stent restenosis than other conventional approaches. [3] [4] [5] [6] [7] However, post-brachytherapy recurrent restenosis has been reported to occur in 17-32% of patients at one year. [3] [4] [5] [6] [7] Moreover, despite the relative improvement in outcomes, brachytherapy has not been extensively adopted as routine treatment in many centres, mostly due to logistic and technical limitations.
Sirolimus eluting stents (SES) have been shown in randomised trials virtually to abolish in-stent restenosis in selected patients with de novo lesions. 8 9 Moreover, prolonged (up to two years) inhibition of the proliferative response has been documented in two series of patients with non-complex lesions. 10 11 Owing to the potent antiproliferative and antimigratory effects of the drug on vascular smooth muscle cells and the clinical efficacy obtained for de novo lesions, SES implantation has been recently tested in two preliminary studies to treat in-stent restenosis. 12 13 In one study with 25 relatively non-complex cases, zero recurrent binary restenosis was observed after SES implantation. 13 In the other study, among 16 patients with more complex lesions, repeat in-stent restenosis was observed in 20% of cases. 12 However, because of the limited number of patients in both reports, the outcome for patients with complex lesion morphology, a condition commonly seen in daily practice, is unclear.
In the present study, we evaluated the clinical and angiographic outcomes of 44 consecutive patients treated with routine SES implantation for in-stent restenosis with a broad range of morphological lesion patterns.
METHODS

Patient population
Since 16 April 2002, SES implantation has been adopted as the default strategy for all patients undergoing percutaneous coronary interventions at our institution as part of the RESEARCH (rapamycin eluting stents evaluated at Rotterdam cardiology hospital) registry.
14 Forty four consecutive patients without previous brachytherapy were treated for in-stent restenosis during a six month enrolment period and constituted the study population. No patient with in-stent restenosis was treated in the same period exclusively with other percutaneous devices (for example, bare metal stents or cutting balloon) or with brachytherapy and therefore was excluded from this report. The study protocol was approved by the hospital ethics committee and is in accordance with the principles of Good Clinical Practice for Trials of Medicinal Products in the European Community and the Declaration of Helsinki. Written informed consent was given by every patient.
Procedure
The CYPHER SES (Cordis Europa NV, Roden, the Netherlands) was used with all patients. The stents were available in lengths of 8, 18, or 33 mm and in diameters of 2.25, 2.5, 2.75, and 3.0 mm. All procedures were performed according to standard techniques and the final interventional strategy was left to the operator's discretion. Complete lesion coverage was recommended, as well as a small region of overlap of adjacent stents when treating lesions that required more than one stent. Periprocedural adjunctive medications were left to the discretion of the operator. All patients were pretreated with aspirin and clopidogrel. Aspirin was maintained lifelong and at least three months of clopidogrel treatment was recommended thereafter.
Definitions and follow up
Restenotic lesions were angiographically classified by two independent operators according to the Mehran classification as follows: I, focal (, 10 mm); II, diffuse; III, proliferative; or IV, total occlusion. 2 A procedure was considered successful when residual stenosis was , 30% by quantitative coronary analysis with TIMI (thrombolysis in myocardial infarction) flow 3. All patients were requested to undergo an elective repeat angiogram after six months following a successful procedure. Post-SES binary restenosis at follow up was defined as . 50% diameter stenosis occurring in the segment inside the SES or within a 5 mm segment proximal or distal to the stent. Late luminal loss was calculated as the difference between the minimum luminal diameter immediately after the procedure and that at six months.
Patients were prospectively followed up to evaluate the incidence of major adverse cardiovascular events, defined as death, myocardial infarction, or target lesion revascularisation. Target lesion revascularisation was defined as any surgical or percutaneous reintervention motivated by a significant luminal narrowing within the stent or in the 5 mm distal or proximal peristent segments.
Statistical analysis
Discrete variables are reported as counts and relative percentages and compared by Fisher's exact test. Continuous variables are expressed as mean (SD) and compared by Student's t test. A probability value of p , 0.05 was considered to be significant. All tests were two tailed. Analyses were performed with the SPSS version 8.0 statistical package (SPSS Inc, Chicago, Illinois, USA). Table 1 shows baseline clinical characteristics of the 44 patients with in-stent restenosis. Diabetes was present in 25% of the patients. Clinical presentation was an acute coronary syndrome in 27% of patients. A quarter of the patients had previous recurrent episodes of in-stent restenosis. According to the Mehran classification, 42% of the lesions were class I, 21% class II, 26% class III, and 11% class IV (table 2) . Small vessel size (reference diameter ( 2.5 mm) was present in 49%, long lesions (. 20 mm) in 30%, treatment of bypass grafts in 13%, and bifurcation stenting in 18%. The patients received on average (SD) 2.0 (1.4) stents, with a mean (SD) stent length per lesion of 28 (20) mm (range 8-84 mm). Direct stenting was performed in 13 lesions (24.5%). Seven lesions (13.2%) were predilated with a cutting balloon. Endovascular ultrasound was used in 25% of the procedures for stent sizing or to optimise the result. The procedure was successful in 43 patients (97.7%). One patient underwent emergency bypass surgery due to intimal dissection and acute vessel occlusion during the procedure. Table 3 shows the preprocedure, post-procedure, and follow up quantitative angiographic data. Figure 1 shows representative sequences of angiograms from two patients. Mean (SD) reference diameter was 2.64 (0.56) mm and mean lesion length was 17.5 (12.1) mm. Angiographic follow up was obtained from 33 patients (77% of patients with a successful index procedure) with 41 lesions (79%). Late loss was 0.17 (0.76) mm. Cumulative distribution curves of angiographic late loss (fig 2) show that the vast majority of the lesions (79%) had a late loss between 20.5 and 0.5 mm. Overall, post-SES binary restenosis was observed in 14.6% of the lesions. Table 4 shows the frequency of post-SES restenosis for some subgroups. No restenosis was observed in Mehran class I lesions; 22% of class II, 25% of class III, and 20% of class IV lesions had post-SES restenosis (not significant). In five of six cases of post-SES restenosis the restenosis was focal or multifocal. For patients with post-SES restenosis, the average lesion length decreased from 31.7 (15. 3) mm at baseline to 10.0 (4.8) mm at follow up (p = 0.01). One patient presented after SES implantation with silent total occlusion. Post-SES restenotic lesions were located within the SES in five lesions and at the proximal edge in the remaining one. In two patients, post-SES restenosis occurred in an uncovered region injured during the procedure (a gap between two SES implanted to treat two Sirolimus 15 Major SES undersizing (stent diameter 2.7 mm; vessel diameter 5.7 mm) was found in another patient with post-SES restenosis.
RESULTS
Baseline and procedural data
Angiographic results
The patients who developed post-SES restenosis had baseline clinical characteristics similar to the others. However, the lesions that developed binary restenosis were considerably longer (29.1 (15.0) mm v 16.1 (11.0) mm, p = 0.01) and were treated with more stents (2.2 (0.7) v 1.5 (0.7), p = 0.04). The stented segment was longer (average stent length per lesion 49.0 (30.0) mm v 25.5 (16.3) mm, p , 0.01) than lesions that had less than 50% diameter stenosis at follow up.
Clinical follow up
Complete clinical follow up was available for 43 patients (98%). After one year, the cumulative incidence of major adverse cardiovascular events was 20.9%. There were no deaths, two patients had non-Q wave myocardial infarction (4.7%)-of which one occurred periprocedurally and one after seven months-and seven patients (16.3%) underwent target lesion revascularisation (including the patient who underwent emergency coronary artery bypass grafting). The target lesion was revascularised because of restenosis in five patients (11.6%). One additional target lesion was revascularised five days after the index procedure in a patient with recurrent angina and intravascular ultrasound evidence of incomplete right coronary artery ostium coverage. All repeat revascularisations were within seven months' follow up.
There were no documented episodes of early or late stent thromboses. It is worth noting that patients who refused to undergo angiographic re-evaluation had no adverse events during follow up.
DISCUSSION
The major finding of the present study is that routine SES implantation for in-stent restenosis is safe and associated with low recurrence rates in a broad range of clinical and anatomical settings.
The present series comprises patients and lesions commonly not examined in previous reports, 12 13 16 such as very long lesions, chronic total occlusions, small vessels, bypass grafts, and bifurcations. In fact, the majority of patients in our consecutive series, representative of the everyday practice, had at least one of the aforementioned characteristics. Despite the unselected nature of this population, clinical and angiographic outcomes appear superior to previous results with conventional approaches. 2 17-21 Indeed, our findings compare favourably with those reported for vascular brachytherapy, which has been advocated as the treatment of choice for complex in-stent restenosis. [3] [4] [5] [6] [7] Moreover, SES implantation does not deviate from practice with conventional bare stents and avoids most of the technical and logistical limitations that have hampered a more widespread use of brachytherapy.
The outcomes of patients with in-stent restenosis after repeat treatment have been reported to be closely related to the baseline lesion morphology. 2 The risk profile increases progressively from lesions with a focal pattern to lesions with a more diffuse appearance and total occlusions. 2 Accordingly, in our series, SES implantation was associated with a remarkably low incidence of recurrent restenosis in focal lesions. Indeed, all cases of repeat restenosis occurred in patients with more complex baseline characteristics. However, no clear differences in the rates of repeat restenosis were noted among higher risk categories (that is, Mehran classes II, III, and IV), in which the rates of repeat restenosis have been reported to be 35%, 50%, and 85%, respectively, with conventional treatment. Thus, it is possible that SES implantation reduces the prognostic value of the lesion pattern of in-stent restenoses for non-focal in-stent restenosis, although the limited number of our observations does not allow a definitive conclusion. Conversely, our data suggest that lesion length may still have an impact on recurrent restenosis. Recently, SES have been consistently shown to reduce neointimal proliferation in in-stent restenosis as effectively as in de novo lesions. 21 Instead of reflecting an intrinsic drug resistance, repeat restenosis in complex lesions may actually be more closely related to local Figure 2 Cumulative distribution of late loss at angiographic follow up. Lesions with binary restenosis are indicated by empty squares. Clinical outcome of each restenotic lesion is reported corresponding to the respective late loss value. This curve resembles a bimodal distribution and suggests that the failed cases may share unique features. Med tx, medical treatment; TLR, target vessel revascularisation; TO, total occlusion. Refers only to the in-stent restenosis lesions-in these series, there was no case of restenosis in the side branches treated for de novo lesions. mechanical conditions that impair the treatment effect of the device (that is, incomplete coverage of balloon injured areas of neointimal hyperplasia or underexpanded stents). In fact, a possible technical reason for failure was documented in three of six cases (50%) of recurrent restenosis in our series, although the significance of these findings remains elusive. Two recent reports have confirmed these observations in a larger number of patients treated with SES. 22 23 This study evaluated a relatively limited number of patients and lesions. However, this is the largest series of patients described to date (table 5) . Moreover, to the best of our knowledge, this is the first study to assess the impact of SES implantation in a broad range of different anatomical subsets of in-stent restenosis.
The rate of angiographic follow up (79% of all lesions), although similar to that of other studies that enrolled patients with recurrent in-stent restenosis, 3 6 7 is not very high and is insufficient to allow for determination of the true binary restenosis rate for the entire cohort. This may be explained by the considerable numbers of recurrent restenoses and previous procedures among some patients, who were therefore not willing to undergo a six month angiography in the absence of symptoms. This was indirectly confirmed by the clinical follow up of the patients who refused the angiographic control, who were all asymptomatic. Patients with failed brachytherapy were not included in the current report. We have recently shown that recurrent in-stent restenosis after vascular brachytherapy may exhibit a peculiar and different biological and clinical response to SES implantation 24 and is therefore a potentially confounding factor if analysed conjointly with data for patients without prior local irradiation.
Conclusions
Routine use of SES implantation to treat in-stent restenosis appeared safe and effective in an unselected series of cases of in-stent restenosis, especially among patients with focal lesions. SES implantation also seems to be a promising strategy for complex in-stent restenosis. Further analysis with larger series and more prolonged follow up, as well as a direct comparison with brachytherapy in a randomised fashion, is needed to clarify the role of SES in this context. An anomalous right coronary artery shown by multislice CT coronary angiography A 78 year old woman presented to hospital with chest pain and anterior T wave changes. She was started on clexane, intravenous (iv) nitrate, and iv tirofiban, and transferred for inpatient cardiac catheterisation. The proximal left anterior descending (LAD) coronary artery showed a subtotal lesion, however the right coronary artery (RCA) could not be cannulated by an experienced operator. The aortogram showed flow into a small atypical RCA, and the distal RCA was shown by collaterals from the LAD. In view of the development of a large groin haematoma and no recent chest pain, percutaneous coronary intervention to the LAD was deferred and a multislice computed tomography (MSCT) coronary angiogram was arranged to exclude an ostial RCA lesion.
MSCT coronary angiogram (Sensation 16, Siemens, Germany) was performed using an ECG gated standard protocol. An atypical RCA was demonstrated originating from the left sinus of Valsalva. It was small in overall diameter (1.2 mm) and passed between the aorta and pulmonary artery before following a standard course in the right atrioventricular groove. The atypical origin and initial course is shown (black arrows) in the left hand panel by a superiorly applied clip plane to a three dimensional volume reconstruction; it also shown in the right hand panel in an anterolateral three dimensional volume reconstruction with the obscuring pulmonary artery edited along with parts of the proximal LAD.
In this case, the aortogram suggested a posterior origin of the RCA. However, MSCT shows the atypical origin, with initial compression, followed by an increase in calibre of the aberrant vessel. 
